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PROPELLER TESTS TO DETERMINE THE EFFECT OF NUMBER
OF BLADES AT TWO TYPICAL SOLIDITIES

By E. P. Lesley
SULMMARY

Propellers with equal total blade area, but with 4if-
ferent numbers of Dblades, were tested at Stanford Univer-
sity.

The tests show generally thet, for equal total bdlade
area, propellsrs wlth the larger number of blades absord
the greater power and, provided hubs have esqual drag, de-
velop the higher efficiesncy.

It is shown that the dlifferences found are in agree-
ment, gqualitatively, with what might be vpredicted from
simple dlade—-element theory.

INTRODUGTION

The simple blade-~element theory as developed by
Drzewiecki shows that between two propellers with simi-
lar Ttlade plan forms and blade section profiles and with
equal total blade area, but with different numbers of
blades, the power absorved and the efficiency developed
by the propeller with the larger number of blades should
be the greatsr. The larger power absorption would be ex-
pected from the increased 1ift coefficients for blade el-
ements of higher aspect ratio, & gain in efficiency
should arise from increased L/D of blade elements.

In the practical case, unless the aerodynamic superi-
ority of the many-blade propeller is considerable, the
propeller with fewer and wider blades might be chosen,
since, particularly for the controllable-pitch proveller,
the mechanical features will Dbe less complicated and tne
original cost no doubt smaller.
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At the request and with the financial assistance of
the Hational Advisory Committee for Aeronsutics, the sub-
sequently described experimental study was undertaken.

The purvose was to determine by test the quantitative dif-
ferences in aerodynamic characterigtics botween two- and
three-hlade propellers having equal total blade areas, and
between three- and four—blade propellers, again having
sequal total blade areasg but, in this case, 33-1/5 vercent
more area than for the two—-blade -- three-blade ccumparison.

APPARATUS AND TESTS

Wind tunnel.—- The experiments of this investigation
were carried on in the wind tunnel of the Daniel Guggenhein
Aeronautical Laboratory at Stanford University. The tun-
nel i1s of the Eiffel type with ovpén throat 7~l/2 feet in
diameter. The maXimum wind velocity i1s 20 miles per hour.

Dynamometer.—~ The propeller dynamometer consists es-
sentially of an electric motor carried on axially dis-
posed, thin, steel plate knife edges. The propeller is
socured to an extension of the motor shaft. The extension
is free from axial constraint excent that provided by a
beam balance which measures the pull upon the chaft or the
vropgeller thrust. The propeller tcrque is measured by the
counter moment, indicated by a beam balance, required to
restrain the driving motor against roll about the Lnife
edges that support it. The propeller is placed well for-
ward, about one and one-half diameters, of mwny consider-
able slipstream obstruction.

siocdel propellers.-~ The propellers were gll 3-foot di-
amster, metal, adjustable-~-pitch models. The blade plan
forms are shown in figure 1; the vropeller hubsg are shown
in figure 2.

Blede E (fig. 1) has the plan form, blade angles and
sections of propeller E in reference 1. Theo aspect ratlo
is 7.7. The nominal pitch-diamoter ratio is 0.7 from 0.6
R outward to the tip. It gradually decreases from 0.3 R
toward the hub to 0,42 at 0.15 R.

3lade E! is 33-1/3 percent wider and thicker than
blade E. The aspect ratioc is 5.77.

3lade E" ig 50 percent wider and thicker than blade E.
The asgpect ratio is 5.13.
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A two-Dblade propeller witk-E" blades thus has the
same total area as a threo—-blade propeller with E blades.
Likewise o three-blade propeller with -E! blades has the
same total area as a four-blade propoller with E blades.

Distribution along the .radius of geometrical pltch-
diameter ratio, width-~diameter ratio, and thickress-width
ratio for the three blade forms is shown in fisure 3.

Tests were made of all propellers for blade angles at
0.75 R of 15°, 25°, 35°, and 45°, X

Following the Stanford laboratory practice, a constant
ongular velocity was employed for all teats at o gliven
blade angle. Variation in the parameter V/nD was brought
about through change in the wind velocity. Because of lim-
itations in wind speed and in vower and rotational speeds
availeble in the dynamometer, the rotational speeds em—
ployed were 2,000, 1,800, 1,500, and 1,000 revolutions ver
minute for the 15°, 25°, 35°, and 45° blade angles, ro-
spectively. The Reynolds Numbexr of the tests was thus
from 0.11 %o 0.06 that of flight, assuming full-gcale pro-—
vellers 9 feot in diameter turning at 2,000 revolutions
per nminute.

The observed quantities of the tests, thrust, torque,
rota?ipnal speed, volocity of advance, and density, wero
converted into the usual coefficients:

Phrust coefficient,

= T

Cm = — —
T
p n® D*
- Power codfficient,
P 2 1 Q
Cp = 5 2 5
p n® D p n® D

Spoéd—power cocfficient,

B ) 5
6 ¥ e _xs/L
S Pna nD GP

where
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T ig propeller thrust.

P, mass density of the air.

n, revolutions per unit time.

D, opropeller diametexr.

@, propeller turning moment or torque.
P, vower absorbed.

V, velocity.
RESULTS AND DISCUSSION

The coefficients derived from the observations of tte
tests are given in table I. In figures 4 to 7, GT’ CP,

and T are revpresented graphically as functions of v/aD.

Picures 4 and 5 show that, between two- and three-
blade propellers of egqual %total blade area, there are ap-—
rreciable differences in performance. The Op and OCp

curves for the three~blade vpropellers show a higher slope
than corresponding curves of the two~blade propellers.
Fronm simple blade-element theory, GT and GP depend

larzely uvon the 1ift coefficients of the blade elemonts.
Curves of 1lift coefficionts as functions of geoomotrical
angle of attack will have higher slope for elements cof
greater asvect ratio. A nigher slope in curves of Cmp and

GP as functions of V/nD for the three-~blade, gzreater as-—

pect ratio propellers is therefore to be exvected since,
for a given blade setting, V/nD detormines the gecmet-
rical angles of attack of the blade elements.

In the usual operating range, from V/nD for maximum
efficiency to about 0.7E V/nD for maximum efficiency,
the tarece-blade propellers deovelop from 2 to 8 percent
more thrust and absord a corrcspondingly greater powor so
that the differcnces in officioncy are barely nofticcadle.
The differonces in efficiency anmpear to be in favor of the
throc~blade propvellers in some cases but in others the re-
verse is true.
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The dynamic pitch-diameter ratilo (V/nD for zero
thrust) is larger in all cases for the two-blade than for
the three~blade propellers. This result was believed to
be evidence that the drag of the three—~blade hub was con-
siderably more than that of the two-blade hub. The bdlades
had identical forms of section profiles. At zero thrust,
the 1ift coefficients of the elements are too small to be
significantly affected by the variation in aspect ratio.
Therefore, unless the drags of the "hubs were different,
the V/nD for zero thrust would be the same for both pro-
pellers. . ' : : o :

For the 25°, 35°, and 45° blade angles at 0.75 R, it
may be seen that both two-blade and three-dblade propellers
show pronounced changes in the direction of the OCp and

Cp curves at certain points, with resulting sudden in-

creases in the slope of the efficiency curves. The values
of V/nD at which the change occurs are abouf 0.4, 0.9,
and 1.5 for the 250, 350, and 45° blade angles, respecffbe—
ly. The angle of attack for the tip section of the propsel-
lers is thus very close to 14°, which is near the burble
proint for sections of thils type. (See reference 2. ) It
may be noted that the durbled tip condition, as - evidenced
by the sudden change in glope of the e:ficienoy curves,
oceurs for the two-blade propellers at lower values of
V/nD than for the three-blade propsllers. The two—blade
propellers thus show appreciably greater efflcioncy near
this point. TFor example, the two-blade, 35° propcller
shows an efficiency of 0.75 at V/nD = 0.95. That of the
three—blade propeller for the same V/nD is 0.70. Out-
side of this region, however, and except at values of
V/nD greater than that for maximum eff101ency, neithor
two- nor three—~blade propeller shows a consistent advan-
tage in efficiency. -

The qualitative difference in V/nD for burble of
wide and narrow blade propellers may be explained, as has

been the difference in slope of Op and Op curves, by

consideration af the blades as made up of airfoil eloments
of different aspect ratios. The wider blades (smaller as-
pect ratio) have, for glven geometrical angles of attack,
larger induced angles of atifack and thus smaller effective
angles of attack. - -

Burble will occur at the same effective angles of at-
tack for both wide and narrow blades and therefore at )
larger geometrical angles of attack (smaller V/nD) for
the wider blades. )
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Calculation of the differencé in geometrical angle
of attack at burble for elliptically loaded airfolls,
having the aspoct ratios of the two- and the ‘threco=blade
propellers of equal total blade area, gives about 1°.
This value is close to what is shown by the change in
¥V/nD for burble in the propeller tests.

It avpesared that the later tip burble in the two-dlade
rropellers might be partly explained dy difference in
‘Reynolds Number. A subsequent test of the two-blade, 35°
propeller at two-thirds the angular veloclty formerly em-
ployed, and thug at the same Raynoldsg Numbers as for the
threé-blade propeller, 'however, gave practicelly the iden-
tical curves for GT, CP* and TN formerly derived.

During the tests, a pronounced change 1n the sound of—
the propellers was observed at durble. 3Before burble they
were relatlvely quiet, giving off only a high-pitch hisgs-
ing sound. At burble and thereafter, the sound was meny-

.. fold louder, of -lower pitch, and similar to that of tear-
ing cloth. . . X

Comparison of figures 6 and 7 -shows somewhat similar
difforences .batween threo- and four-blade propollers of
equal total blade area as are evident in the two-blado-- .
three~blade comparison. :

The thrust and the power coofficicnts are gonereslly
greater for four~blade propellers than for three-blads
propellers but the difference is considerably less than
shown botween threc—blade and two~blade propellers.

The efficiency of the four—blade propellers appears
to be from zero to 2 percent greater than for tho threc-
blade propellors.

The dynamic pitch-diameter ratio (V/nD for zero
thrust) is. generally somewhat less for the four-blade pro-
pellerg than for the three~blade vropellers. The differ-
ence is smaller and less consigtent than for the two-blade-—-—
three-~blade comparison. ‘

As previously stated, the simple bdlade~element theory
shows that, other things being equal, there should be an
increase in power absorbed and in efficiency developed for
the propellers with the larger number of blades.

In order to estimate the qualitative differencas that
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might bYe. expected - the: fellowing compubatlons were carried
throuzh. - . _ s

l. The .1if% and the drag coefficlents for the 0.75 R
section (given in reference 2) were transformed to cosffi-
clents for airfoilils of the aspect ratios rebresented in
the model propeller blades. S - -

2. Gomputations were ma&e of quantitles correspond~‘
ing %0 Op" and "M »f the 0.75 R element of tne’BEo pro-

pellers at ' V/aD = 1. 3 (maxlmum efficiency)

Aqsuming that the combute& coeff1c19nts derlved for
the 0.75 R sdetion would .be relatlvely representative of .
the propeller as a whole, it was predicted that the three-
blade E propeller would abesord aoout 7 bercont moreg power
and develop 2 percent greator neak efficiency than the two—

dlade E" propeller. Likewise the four~blade E propeller

would absorb about 4 percent more power and develop 1. 6 _
rercent greater peak efficiency than the three- blade o
nropeller.

Smaller  V/nD for zero thrust, as ehown by the three~
blade E propeller in comparison with the two-blade EY pro-—
peller and the failure of the three—ola&e pPropeller to
realize in test an increase in efficiency led to further
tests. These tests were thought desirable because the pre-
dicted increase in. efficiency of the Four blade ® propel-
ler over that of the three~blade E! nropeller appeared to
have been shown. '

The drags of the two—~, three—, and four~plade hubs
and propeller shaft (hubs without blades being placed on
the shaft and rotated at propeller speed)_were neasured.
It was found that the drag of the thres-blade hudb and
shaft was more than doubdle that of the two—olade hud and
shaft. The arag ‘of the four-blade hub and "shaft was about

18 nercent more than that of the tnree—blade huo and sha t.

It was seen that the difference in drag of two— and
three—-blade hubs and shafts might account for the failure
of the three~blade E propeller to realize the 2 percent
greater peak efficlency predicted for it. In order %o
confirm this explanation, identical gpinners were fitted
over the hubs of .two- and three-blade propellers. (as saown
in figure 8 for the two~b1ade nropeller) and tests were
made for the 35° blade angle. Observations reduced to co-

efficient form are given in table II a2nd are shown graphic-—
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ally in figure 97  From this flgure it may be seen that
the 2 percent greater peak efficlency predicted for the
three-blade vpropeller is realized and that V/nD for
zero- thrust of the two propellers 1is the same. .

Comparisen of the Op curves of figure 8 with the
350 Cp curves of figures 4 and 5 and in the regilon of

maximum efficiency (V/nD. 1.1 to.1l.4) reveale that the
thrust realized from the propellers with spinners is ap-—
Preciably greater than for those with bare hubs. The in-
crease in thrust for the two-blade propeller is aboutb -
1-1 /2 percent, while that for the three-blade propeller is
about %~ 1/2 percent. Since there are only lnslignificant
differences between power coefficients, with and without
spinnersg, the net result is that the taree~blade propcller
shows 2 percent greater peak efficiency than the two-blade
propeller when identical spinners are fitted over the hubs,
while with bare hubs there is no consequential difference
between them,

The increase of efficiency of the two-~blade propeller
through the a2ddition of a spinner was somewnat surprising o
since, at first glance, it appeared that the drag of tho
spinner would be at least equal to that of the two~blade
hub. A drag tegt like that employed to measure the com-
parative drags of two—, three—, and four-blads hubs showed,
however, that the drag of the spinner and the shaft was
not more than cne-third of that of the two~blade hub and
shaft, The increase in efficiency found was thus easily
accounted for,

It would appear that, if spinners had been fitted in
the four~blade~~three~blade comparison, a further addi-
ticn to efficlency in favor of. the four-blade propollorx
might have been found. Ag compared with what was found
for the three—blade-~two-blade comparison, the addition
would, however, have beecn small becausc the differonce in
drag betwoen three—~ and four—blade hubs and shafts wasg
only one-—third of that betwecen two- and throc—blade hubs
and shafts.

CONGLUSION

These teste show that, for a given diamoter anéd total .
hladse ares mnrovided other things are egual, the propaeller
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with the largest number of blades will adsorb the greatoest
power and develop the highest efflciency.

Daniel Guggenheim Aeronautical Laboratory,
Stanford.University, December 10, 1938.
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¥/nD

l.626
l.586
1.523
1.468
1.409
1.381
1.297
1.251
1.171
1.111
1.081

999

«939

+880

+728
+848

TABLE T

three-Blade E Propeller

0,0020
0178
0282
0379

<0576
<0646
+0748

+0908
«1007

16° st 075 R

Cp
0.01£0
.0204

1,780
1.478
1.504
1,191
1.089
968
891
+780
»681
587
+ 483

TABLE I - Oontimed

Three-Blade E Propeller

oy

0.0172

35° ot 0.76 R

Cp
0.0613
0778
20084
1083
+1200
«1278
«1587
«1481
21554
«1624
« 1867
«1720
1770
<1781
«1768
«1858
«1880

2.840
2.642
2.431
£2.260
2.182
2,083
1.986
1.805
1,700
1.508
1.595
l.421
1.328
1.243
1.128
l.022

+805

«594
558
<983

v/nD

1.168
1.123
1.069
1,007
.962
.o12
+868

«783
«738
«689
«628
+585
541
+ 479

S84

v/aD

2.247
2.188
2,103
2.0285
1.944
1.858
1.7683
l.681
1.899
1.511
1.420
1.386
l.261
l.281
1.112
1,043

982

874

<790

TABLE I - Continued

Three-Blade ¥ Propeller

Cp

0.0024
L0174
L0516
L0487

.005‘9
.0638

«0818
o888
0882
1049
«1165
«1218
<1879
«1544
1376
1574

25° at 0,15 R

Op

0.0216
<0349
0478
+0598
0673
0732
+0798

0886
,0681
+0959
0997
<1011

#1042
+1038
1098

2,511
2.198
1.946
1.770
1.651
1.540
l.442
1.359
1.872
1.190
1.102

998

.925

o783
+659

TABLE I - Oontinued

Thres-Blade E _Propollcr

Cr

0,0378

»0485
.0628

.0876
0897
+1120
1821
1208
+1516
<1519

«1340
+1356
1369
+1385
«1401
1425
« 1453

45° &t 0.75 R

Op

0.1380
<1554
1775
.1962
.2137
L2891
#2430

«£648
.2689
<2676
<2674
2685
+2681
«2694
«2708
«2728
2778
2828

3.540
3.174
£.971
£2.8Q2
2,647
2.491
2.340
2.210
2,087

“1.966

1,880
1.759
1.642
_1.558
1.448
1.356
1.278
1.121
1.014

Table 1
Continued on
following
pages

10

0,130
560
<700
770
<784
#7897
«800
«791

<784
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v/nb

1.628
1.570
1.608
1.454
1.397
l1.518
l.2687
1.202
1.148
1,114
1.081
1.081
1.018
«983
<983
521
891
860
+786
77
<668
o418

TAELE I - Contimmed

Two-Blade B*® Propeller

Op

0.0011
<0158
<0271
0352
<0443

«0667
~0722
0717
0852

15* at 0.7S R

TAEIE I - Continued

Two-Blade E* Propeller

Or
0.0229
0344
0449
L0545
0844
o767

20941
«1020
+1068
<1118
«1168
«1206
«1247
.1288
«1386
13524
«1358
+1388
.1388
1431
1584

SB® at 0,76 R

2,880
2.6828
R 446
2.301
£.168
2,000
1.899
1.781
1,684
1.627
1.573
1.525
1.488
1.427
1.370
1.318
1.266
1.218
1.108
1,010

938

568

0,085
+602
«723
749
«765
JT48
JTE1
.889
554
+605

0,596
< TO6
<780
«788

«812
«814
808
799
791
<787
.780

762
780
JTS1
«68L
«6E8
586

518
«325

v/nD

R.243
2.189
2.082
8,022
1.940
1.859
1.766
l.688
1.598
1.504
l.418
1.343
l.268
1.174
l.112
1,031

«981

TABLE I - Gontimued

Two-Blade X' Propeller

0.0045
0173
+0893
0589
+0495
0610
0898
0785

+0844
<1027
»1100
+1183
1226
<1508
.1382
<1415
«1408
.1428

£26® at 076 R

¢p

0,0208
<0383
« 0425
«0B815
0587
0688
+0750
+08085
«0850
0888
+0924
.0953
0968
0978
088G
+0990
20995
+.1092
<1138

2.582
£.241
2.027
1.850
1.708
1.864
l.448
1.32¢
1.237
1,158
1.063
991
916
838
754
+678
»619
523
«388

TABLE I - Contlimmed

Two-Elade EF Fropeller

O
0.0377
0435

45° ot 0,76 R

Cp
0.1284
«1452
+1843
L1793
.1965
.2185
2251
8371
2475
.2586
2658
2687
.2671
.2694
L2731

«£2824

3.387
3,180
3.002
2,850
2.682
2.532
2.380
2,250
2,108
l.672
1.849
1.760
1.849
1.528
l.444
1.334
1.259

Table 1 cont.
11

0.258
804 _
R
702

878
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«227

v/nD

1.697
1.54¢
1.484
1.440
1.408
1374
1,338
1.874
1.208
1,138
1.078
1.008

TABLE I - Continned

Four-Blade ® Propsller
18° at 0,75 B

Cq oy o, -
0,0020 0,0185 1.ms 0.096
0137 0220 1,852 445
0844 0278 1,581 BT
0383 L0334 1.875 .684
+0405 0369 l.e21 708
0494 <0403 1.132 +T20
0600 0449 1.029 ST
0880 <0480 964 743
«07E8 0512 895 751
0825 0535 .839 720
0881 0548 708 698
0958 08576 719 877
+1004 +0694 670 846
42086 .0610  .Bge 596
+1148 0624 523 552
+1208 0832 BT 502
41288 06834 204 «4B1L

TAELE I - Contizued

Pour-EBlads E Propeller
T5* at 0,786 R

Cr Op o, n
0.0409 0.1082 2.515 0.638
0548 .1189 2564 708
0884 1547 £.217 756
0796 .147e 2.112 716
.0875 .1880 2.042 790
0956 1642 1.012 .801
.1031 1704 1.905 .808
.1183 .1818 1.708 .808
Jas2 C L1em4 1.672 .810
2451 2066 1.561 790
.1568 2148 1.487 788
.1661 2215 1.562 R
.1669 .2268 1.263 691
1695 .2275 1.179 .53
.1700 .2288 1.104 .e16
1784 2808 12.008 563
1787 2388 .895 801
asi2 2410 - .78 50
1843 2440 .638 584

«1884 «2E34 «463 262

TAELE I - Contimmed

Four-Elade E Propeller

Op
0.0088
.0208
.0381
0488
.0815
0719
.0824

<0878
<1041
<1126
«1221
<1331
<1429
«1545
«1635
1736
1780
<1783
<1771

25° ot OJTE R

Oy

0,0327
0458
0594
0888

<0864
<0938
.0079
#1038
«1084
21130
#1174
+«1226
.1268
«13500
«1315
JI341
1588
1411
1430

2.320
2.090
1.897
1.788
1.661
1,567
1.485
1.405
l.542
1.283
1.216
1.128
1.045
968
<877
785
695
609
495
504

Table 1 cont.
12

o.g22
515

TABLE I - Continusd

Four-Eisde E Propeller

45° a5t O, 7B.R

%

0.2138
2418
8619
2856
5022
+3100.

«S44T
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v/oD

1.626
1.062
1.480
1.468
1.413
1,349
1.200
1,255
1.216
1.169
1.098
1,041
1,018
+986
<950
«919
«8768
«810
«783
554
529

TABLE I - Contimmed

Three-Blade E! Propeller

15° at 076 B

TABLE T - Contimmed

1.808
1.524
1.298

. 1.189

1.021
.919

«698
«619
+B16
«425

Thres-Elade E! Propeller

Ce

0.,0525
<0827
<0887
«0718

-0879
«1102
«1171
«1280
+«1556
°1464
« 1657
«1597
«1624
« 1647
«1668
«1693
1788
1766
+1841
1800

&6° at Q.76 R

Op

0,0972
»1180
«1310
1377
<1513
«1663
1784

<1926
<1907
« 2099
2175
«2210

«3208
«2521

2362
+2391
«2469

2.5%0
2.391
2,238
2.179
2.061
1.952
l.821
1.780
1.889
1.613
l.488
1.413
1.373
1.3e8
1.276
1.230
1.1
l.081
1.003

839

898

0.062
662
- 687
« 158
743
730
.668
-850
«605

<474

0.543
<711
o T47
«766
«783
794
.708
<794
T8¢
782
«T6S
748
«T54

« 681
«860
<834
562
+E58
478
396

«485
+425
«379

¥/nD

2.277
2,200
£.123
2.042
1.962
1.870
1,779
1.689
1.606
1.518
1.427
1.548
1.871
1.184
1.1€1
1.051

874

.885

781

Table 1 conecl,

TARLR I - Continued

Three-Elads E! Propeller

Cr

0.0081
«0204
0372
0623
0879
+0805
+0838
+10656
1172
<1292
<1416
.1568
.1671
+1786
+1744
«1747

25° at 0,75 1

Op

0.0283
<0427
.0582
<0705
0829
0929
<1028
«1108
«1158
1221
1873
«1518
<1545
«1388
«1443
+ 14835

2.510
2,151
1.918
1.765
1.586
1.478
1.380
1,238
1.145
1.049

044

«825

724

358
«467

TAELE I - Oontlnued

fhree-Elede B! Propeller

Cr

0.0462
0618
0772
<0919
«1068
1219
1376
1504
+1619
.1668
«1698
«1720
«1740
1783
«1803

. «1841
.1888
19038
1987

45° at 076 R

S.194
3.022
2.858

2,691

2,550
2.380
2.248
£2.110
1,990
1.865
1.787
1.6868
1.%562
1.451
1.375
1.285
l.187
1.076

« 046

13

<781

«884
+E53
.+620
«588
558
587
«496
454
«404



TAELX I TAKIE IT ~ Oomiinued

Thres-Hlade K Propeller with Spimner Two-Elade X* Propallsr with Spduner

3B° at 0,75 R 356* at 0,75 R

VD o % c n v/ G o o
l.868 0,01.78 0.,0574 £.926 Q9,518 1.085 0.0000 0,0480 3.1584
1,590 LO5M 0754 2.0682 8687 1,580 -0E40 »0811 2,034
1.541 0445 L0906 2,498 787 1.588 0840 0742 2,632
1.470 L0692 1073 2,318 818 1.516 0448 <0870 2,470
1.426 L5998 <1180 2.185 + B89 1.485 +OBAS 0081 2,588
L.381 0008 + 1968 8.051 040 1,388 0882 1117 2.14%9
1.308 ,080Y «1588 1.939 <844 1.558 0761 <1805 2.083
1.243 0000 +1470 1.884 B4 1,208 0058 » 1318 1.893
1,194 1071 1830 1.730 855 L.1e8 0877 A48T 1,784
l.158 +1182 -160% 1.857 A 1.1g8 1072 1400 1,847
1l.082 1R36 «1866 1.551 807 1,068 «1187 » 1558 1.B45
1.050 1206 1701 l.488 «To4 088 1890 « 1553 1,302
78 1338 <1745 1.385 «T44 05 «1348 «1757 1.888
«05e 1388 «1785 1.319 «TOB «BE7 387 1778 1l.1¢8
+BES +1556 17T 1387 871 T4 + 1588 <1801 1,044
1639 J1541 1984 1.188 551 26568 +«1440 1844 +OB0
787 « 1545 «1788 l.111 J92

TS +1387 «1810 1.086 «B55
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Figure 2.~ Fropsller hubs.

Blade plan N
forma.

Figurs 1.

_.fi E* propeller
ML with spimner.
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